Abstract. In this paper we apply a simple phenomenological model to describe the scattering amplitudes of strongly interacting longitudinal gauge bosons at the future pp colliders, LHC and SSC. The model is based on the use of the well-known techniques from chiral effective Lagrangians and chiral perturbation theory, supplemented by a unitarization method for the scattering amplitudes. The generality of the approach allows one to deal with various physical situations in the unknown symmetry breaking sector of the Standard Model. In particular we mimic the two typical scenarios for the symmetry breaking sector: one of Higgs-type and the other of QCD-type. Two different unitarization methods have been implemented for comparison: the Pad~ approximants method and the K-matrix method. The first one permits the incorporation of the possibility of dynamical resonances as it can develop poles for the various different (I,J)-channels. A systematic study of strongly interacting signals for both LHC and SSC is presented, and their rates and efficiencies are compared.
Introduction
The fact that the mass of the Higgs scalar Mu and the strength of the scalar self-coupling 2 are not predicted in the Standard Model (SM) of electroweak interactions is essentially a manifestation of our ignorance about the dynamics triggering the spontaneous breakdown of the SU(2)L X U(I)r gauge symmetry down to U(1)e m. The minimal Higgs sector of the SM is not even unique in the sense that it could be replaced by another physical system, not necessarily a system of fundamental scalar fields, that can reproduce the same pattern of the symmetry breaking mechanism. Generally speaking, all we need is an interacting symmetry breaking sector (SBS) * On leave of fibsence from Departamento de Fisica Teorica de la Universidad Complutense de Madrid, E-28040 Madrid, Spain ** On leave of absence from Departamento de Fisica Teorica de la Universidad Autonoma de Madrid, E-28049 Madrid, Spain that can provide at least three Goldstone bosons to become the longitudinal gauge boson modes (LWB) WE and Z L. Furthermore, this SBS could be either a weakly or a strongly interacting physical system giving rise to very different phenomenological consequences.
Several arguments lead to the general conclusion that, no matter what the specific system for the SBS may be, some manifestation of it must appear at or below the TeV energy domain. In particular, if the SBS is weakly interacting there are typically a few light modes in the low energy spectrum, say much below 1 TeV. Two examples are the minimal SM with one light Higgs boson and the minimal supersymmetric version of the SM with two doublets of complex scalar fields. In contrast, the models with strongly interacting SBS (for instance, the SM with M~ 1TeV and models with dynamical symmetry breaking such as technicolour, composite models etc.) are characterized by the absence of light modes and the resonances typically belong to the few TeV energy region. Unfortunately, there is still no satisfactory working model for the strongly interacting SBS case with dynamical symmetry breaking that can account for the masses of all known particles without running into trouble with experimental facts.
The main purpose of this paper is to study, in a model-independent way, the most remarkable physical consequences of a strongly interacting SBS at the future proton-proton supercolliders, LHC and SSC. By modelindependent way we mean without making any specific assumption "a priori" about the particular dynamics governing the SBS. For us and for the rest of this note, the strongly interacting SBS hypothesis simply means the absence of any physical state belonging to the SBS below about 1 TeV other than the LWB themselves. In that case, the relative low mass of the gauge bosons as compared to the TeV energy domain, where the emerging resonances are expected to occur, may be understood on the basis of an approximate global symmetry of the SBS which is spontaneously broken. As will be discussed later on, the simplest choice for the symmetry breakdown that encompasses the global symmetries of the SM and incorporates the so-called custodial symmetry as a reliable symmetry of the SBS, is given by the symmetry Fig. 1 . Schematic representation of the VL -VL fusion process for testing strongly interacting LWB at proton-proton supercolliders breaking pattern: SU(2)L x SU(2)R --* SU(2)L+R. The LWB are identified as the Goldstone bosons associated to this symmetry breaking, and this is why they are light when compared with the TeV scale.
The precise relation between the longitudinal modes and the Goldstone bosons is given by the equivalence theorem [1] . This theorem states that for energies x/~ much greater than Mw, the scattering amplitude for any process involving LWB is approximately equal (up to corrections of the order of Mw/xfss ) to the amplitude for the same process with the LWB, W i replaced by the 9 L ~ corresponding Goldstone bosons, w ~. That is,
The key point is that when the SBS is strongly interacting, the self-coupling of the Goldstone bosons becomes large and, therefore, their scattering amplitudes also become large. By means of the equivalence theorem at energies ~s>>Mw, one concludes then that the scattering amplitudes of the LWB, W~W~ ~ k l WzWL, are large and dominant with respect to other scattering processes involving W's and Z's that are typically governed by the weak coupling constant. This last fact leads to the central idea that by measuring the number of gauge boson pairs produced through the WWfusion mechanism (Fig. 1) at high enough energies (say around the TeV energy scale) we are measuring the strength of the interactions in the SBS. In particular, WWfusion will provide a significant enhanced rate of LWB pairs if and only if the SBS is strongly interacting.
The subject of WLWL production at TeV energies has been largely discussed in the literature in the context of heavy Higgs boson production by W W fusion at supercolliders [2] . It has also been considered in a more general context of strongly interacting LWB by Chanowitz and Gaillard in [1] . The essential point in their study is the use of the so-called "Low Energy Theorems" (LET) [3] in order to evaluate the scattering amplitudes for the LWB that can be applied to make an estimate of the expected rates in WLW L production at TeV energies. In particular it has been studied in more detail the rates for the SSC [4] . The LET, however, do not distinguish among the different possible underlying SBS dynamics that, certainly, would give different patterns in the WzW c scattering amplitudes. The analogy in QCD is provided by the well-known nn scattering amplitudes or pion-LET results of Weinberg [5] . One example is M(rc + re-~ rc~ ~ = s/f~. These amplitudes show no dependence on the underlying theory, and only when the next contributing terms in the low energy expansion are taken into account is it possible to recognize the low energy remainder of QCD.
Motivated by the idea that the behaviour of the WLW L scattering amplitudes at TeV energies can provide the answer to the enigma of the SBS and the type of dynamics underlying it, we developed in a previous work [6] a phenomenologically viable model for these amplitudes, based on a chiral Lagrangian approach to order p4, with p being the typical momentum scale of the external LWB. Since the theory of effective chiral Lagrangians provides a compact and elegant method for dealing with the interactions of the Goldstone modes of any theory, even in the case where the underlying dynamics is not known, we believe it is the most appropriate approach to the problem of strongly interacting LWB [7] . The model of [6] was built up from the simplest choice for the symmetry breaking pattern, SU(2)LXSU(2)R--~SU(2)L+R , and, within the chiral perturbation theory approach, it is renormalizable up to order p4. At order p2 it reproduces the LET results and, to next order O(p4), the one-loop scattering amplitudes show a dependence on two new unknown parameters that represent in a generic way the dependence on the underlying unknown dynamics. Different theories will give different values for these parameters and ultimately it should be possible to obtain them as a prediction from the real theory. It could well happen that by the time the relevant experiments like SSC, LHC and CLIC start working the real theory will still be unknown. However, even in that case, the parameters could be obtained phenomenologically and from them we could learn, hopefially, about the underlying theory.
In this paper we have carried out a systematic study of strongly interacting LWB signals at future LHC and SSC colliders by applying the model of [6] . In particular we mimic with this model two different scenarios for the SBS that we tentatively call Higgs-like and QCD-like models respectively. We have also included two different procedures to unitarize the scattering amplitudes, namely, the Pad6 approximants approach and the K-matrix method. As they both fulfil exactly elastic unitarity at all energies, they can be used to make reasonable predictions for the next generation colliders that will scan into the TeV energy domain.
In view of the growing interest concerning the recent proposal of a high luminosity option for the LHC project [8] we have performed the whole analysis in parallel for both LHC and SSC. It will allow us to compare them as far" as efficiency in detecting the strongly interacting LWB signals is concerned.
The paper is organized as follows. Section 2 is a review of the model presented in [6] . Section 3 is devoted to the unitarization procedures of the partial wave amplitudes that are obtained from the model described in the Sect 2. In Sect. 4 we present the analytical formulae for the computation of the cross-sections corresponding to the strongly interacting LWB signals at pp supercolliders. Section 5 is dedicated to the calculation of the crosssections for the background processes. Section 6
